Abstract. It is proposed that when the era of the big-bang nucleosynthesis ended, almost all of the 75 percent of the observed total baryonic matter remained in the form of hydrogen and continued to exist in the form of protons and electrons. They are present today as baryonic dark matter in the form of intergalactic hydrogen plasma. To test our hypothesis we have investigated the effects of Thomson scattering by free electrons on the reported dimming of Type Ia supernovae. The quantitative results of our calculation suggest that the dimming of these supernovae, which are dimmer than expected and hence more distant than predicted by Hubble expansion, is a result of Thomson scattering without cosmic acceleration.
and ρ c (z) = 3H 2 (z)
where ρ is the total mass density including radiation, ρ c is the critical density, G is the gravitational constant, H is the Hubble constant and in which we have incorporated the flat universe relation between H(z) and the current Hubble constant H 0 .
In light of the above considerations, the total matter density of universe consists of ordinary baryonic matter, baryonic dark matter and nonbaryonic dark matter; thus we have Ω = Ω bm + Ω bdm + Ω nbdm where each term is in units of ρ c , and where the subscripts refer, respectively, to the three aforementioned components. The observed mass density Ω m ≈ 0.30 ± 0.10 as estimated from its gravitational pull on visible matter and is assumed to consist of ordinary baryonic matter and baryonic dark matter instead of exotic dark matter [14] ; thus Ω m = Ω bm + Ω bdm . Big bang nucleosynthesis and synthesis of heavy elements in stars have been extensively investigated for more than half a century. The quantitative results of atomic abundances of various groups of elements [15] [16] by mass-fraction of the total are hydrogen ∼ = 0.75 and rest of the elements ∼ = 0.25. From the above value of Ω m we obtain the magnitude of Ω bm which includes all the elements formed during big bang nucleosynthesis, and of Ω bdm which remained as free hydrogen (in the form of mostly protons and equal number of electrons, neutrons having decayed into protons and electrons) within half an hour after the era of big bang nucleosynthesis ended. These magnitudes are 0.05 ≤ Ω bm ≤ 0.10 and 0.15 ≤ Ω bdm ≤ 0.30. From this analysis we conclude that when the era of the big bang nucleosynthesis ended, the universe continued expanding for several thousand years or so until the temperature dropped low enough to form neutral atoms. We believe that it is in this time interval that most of the free protons and electrons (contained in Ω bdm ) escaped into cosmic space and are most likely present in the form of an intergalactic hydrogen plasma [17] . They are dark because they cannot emit light.
The intensity of the radiation lost to Thomson scattering depends critically on the density of free electrons in the path from the source to the observer. We take the free electron number density at redshift z as
where Ω bdm ρ c is the hydrogen mass density and m h is the hydrogen mass. We consider radiation emitted by a Type Ia supernova at redshift z S and received by an infinitesimal volume element of length cdt at redshift z. The fractional reduction of intensity owing to Thomson scattering by free electrons within this volume is
where I(z) is the incident intensity and σ T is the total Thomson scattering cross-section by a free electron. The total attenuation by scattering is the integral of eq. (7) over the entire path taken by the light from the supernova. We perform the integration by identifying dt with dT H (z) where T H (z) is the Hubble time H −1 (z). Thus
Combining eqs. (2)- (5) then yields
Integrating over a path from the source to the observer at z = 0 yields
where I S is the light intensity at the source and in which the exponential factor represents the loss of intensity by Thomson scattering.
Observations of redshift and distance modulus m −M for Type Ia supernovae reported by Riess et al. [1] are listed in Table 1 in columns 1 and 2. Column 3 contains the distance computed for each distance modulus according to [18] R obs = 10 
Conclusion. The effects of Thomson scattering on enhanced dimming of SNe Ia presented in Table 1 suggests that (i) the recently observed supernovae data can be understood without dark energy; (ii) the amounts of baryonic ordinary matter, baryonic dark matter and nonbaryonic dark matter are in the ranges of 5-10%, 15-30% and 60-80%, respectively; and (iii) the total matter density Ω consists of 5-10% baryonic ordinary matter and 90-95% total dark matter, consistent with the understanding of most cosmologists prior to late 1990s. Further details of the present investigation will be published elsewhere.
